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Abstract 


The radial evolution of the power apectra of the MHO turbulence 

within the trailing edge of high speed strems in the solar wind ha* 

been investigated with the magnetic field data of Helios 1 and 2 for 

heliocentric distances between 0.1 and 0.9 All. In the analysed frequen- 
-4 -2 

cy range (2.8 * 10 — ’8.) • 10 Hz) the computed spectra have, near 

the Earth, values of the speciral tndex close to that predicted for a~i 

incompressible hydromagnetic turbulence in a stationary state. Ap** 

preaching the Sun the spectral slope remains unchanged for frequencies 
-2 

f >/ 10 Hz, whereas at lower frequencies we find a clear evolution toward 

a less steep falloff with frequency. The radial gradient of the power in 

Alfvenic fluctua' ions depends on frequency and it increases upon increa_s 

-2 

ing frequency. For frequencies f 10 Hz, however, the radial gradient 
remains approximately the same. A discussion of possible theoretical 
implications of the obsi rvational features pointed out is given. 



} . Introduction 


Studios of povtr spoccra of intarplanotary Alfvinic turbulonc* date 
bock to the discovory that thit type of fluctuations is an isiportant 
feature of the solar wind state (ColesiM, 1968; Belcher and Davis. 1971), 
in particular present in the trailing edges of high speed stream. The 
early analysie of Colemn (1968) led to values of the spectral index of 
the power spectrun around 1.2 in the frequency rr^age (1 • 10 — 1,3 * 

10 Shx and first gave a discussion of these observations in terns of 
hydromagnet ic turbulence theory.. In Balcher and Davis' work we find 

values of the spectral index between 1.5 and 2.2 in the frequency range 

-4 -2 

(l.S • 10 — 4 • 10 )K«. These and other works on the power spectrum 

of MHD fluctuations in the soi^r wind were put together by Russell 

(1972) who obtained and discussed a composite spectrum of this curbu” 

/ -6 

loncc* in the range (1 • 10 — l)Hz. 

Other subsequent works, taking into account data at different 
heliocentric distances (for example using Pioneer 10 and 11 and Mariner 
10 dat«'t), (Blake and Belcher, 1974; Behannon and Sari, 1977), have also 
considered hov uifferent features of these fluctuations vary with 
ditstarce from the Sun. These results are reviewed in Bohannon (1978), 

Most of these analyses were however considering long periods of obser- 
vations referring to different solar wind regions and hence not neces- 
sarily homogenecnis in rele^'ion to turbulence properties, i.e. affected 
also bv perturbations othor than the Alfvfinic type. 

More recently, the Helios interplanetary mission has allowed to 
study solar wind properties and their variations between the Earth's 

i 

orbit and 0.3 AU. In paiticular, a very recent work by Iienskal nr»d 
Neuhiuer (1981), analysing long periods of data containing hydron.a.<tnet- 
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ic turbiiltnc*, h«is indicated a quiea intaraating faatura of tha gowar 

•pactruB. This la a variation of tha apactral indaa of tha govar 

apaetrua from valuta of at 0.29 AU to valuta of a/ 1.6 at 1 AIU» in 

-5 -2 

tha ovtrall frtquancy i«nga eonaidarad (froa 2.4 • 10 Ha to 1.3 * 10 
He). 

In Chia papar wa praaanC aoaa nav raaulta on tha powar apactrua, 
alao baaad on Halloa 1 and 2 data, which furthar antand tha work of 
Dcnakat and Naubauar. 

The preaent analyaia ia diffarant froa thaira in two raapacta. The 
firat ia that it ia baaed on parioda aa hoaoganaoua aa poaaibla aa far 
ai the turbulence propertiea are concerned. In particular, wa refer to 
parioda of hydronagnetic fluctuationa in tha trailing adga of tha aane 
solar wind stream as seen by Helios 2 at three diffarant heliocentric 
distances. We also include a period of Helioa 1 data, on the aama stream, 
at yet another distance and in a configuration where, at a given time, 
the two spacecraft were aligned on the same spiral magnetic field line 
(Villante, 1980). With our choice of periods we want to look at essen- 
tially the aame turbulent region at different distances from tha Sun. 

The second point of difference with rerpect to the analysis of Denskat 
and Neubauer (1981) is that, at each distance from the Sun. we perform 
a statistical study of the power spectrum differentiating between dif- 
ferent trequoncy bands. As we will see. this will allc^' us to establish 
chat a spectral index variation between 0.3 and 1 AU is actually occur- 

ing only Cor the low frequency region of the spectrum (frequencies f^ 

-2 -2 
10 Hr) whereas the higher frequencies (up to f • 8.3 • 10 Hz^which 

corresponds to the 6s. resolution of the data we have used) do not show 

i 

any spectral index variations in the range of heliocentric distances 
coveted by the data. 
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Th«M raaultt an oo tha aaaa lina of oetiora m hava raeaatly 
obtaina4 for 4iffarAt aeatlaeleal proparciaa of MID flooeuatioM 
batwaan 0.3 aitl 1 AU (Itaaaaaiio at at., IfBU)^ TDara wa found ebat tha 
radial gradianta of aavaral quantitiaa. aa poDar in tha fluetuationa, 
aniaocropy in ttia plana parpandieular to tha niniaun varianca diraetion, 
to dapand froai fraquancy but do not vary any iK>ra in tha ranga of high 
f raquanciaa. 

In Sact. 2 of thia papar ua giva a daacription of tha analyaia 
which hat baan parfotaad. fact. 3 containa our raaulta on tha powar 
spactra of hydraaagnaCie fluetuationa. Tha thaoratical problaaa raiaad 
by thaae obaarvationa will ba atatad and diacuaaad in Sact. 4. 


2 . Data analyaia 

For a description of the Helios orbits and the CSFC^University of 
Rome magnetometer experiment we refer the reader to Porscae (1977) and 
Scearce et al. (1975) respectively. 

The periods considered in this analysis, their heliographic distance 
and latir-.ude, their width in longitude are listed in Table 1 (where we 
give also the average field intensity and the corresponding proton 
gyrofrequency) . The first three refer to Helios 2 data and are in the 
trailing edge of a high velocity stream observed by the spacecraft 
during three successive solar rotations at different distances from the 
Sun (0.87 AU, 0.65 AU and 0.29 AU respectively). The different durations 
of these periods we.''<' chosen in such a way that (taking into account 
the different rotational velocity of the Sun as seen from Helios) 
during each of them the spacecraft observes the same angular extent in 
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tens of hoUographle longitiido. Proviout matpMt (l«v«Mffio «e al* 
1981a and b) hava aliraady aaeabliahad ttia hoBoganaity of tiMaa parioda 
in thair hydroauignatic fluctuation eontant and bava baan diraetad to a 
atudy of tlia polariaation propartiaa of tba fluctuationa and atatiatieal 
propartiaa othar than pouar apactra analyaia. la tha aacond of tha 
perioda of Table I an opportunity to invaatigata tha radial avolution of 
tlie turbulence in such a aituation that alow taaporal variationa and 
heliographic latitude depandanca cannot affect the raaulta waa offered 
by a favourable location of Halioa 1 and Halioa 2 apacacraft» which in 
thia period were almoat aligned along apiral nagnatic field linaa, at 
a distance from the Sun of 0.41 AU and 0.65 AU raapactivaly and with a 
latitudinal separation of a few tenths of degrees (Villante, 1980). A 
period of Helios 1 data was therefore included in tha analysis as 
indicated in Table 1. This was taken to correspond to that of Helios 2 
in the sense of an equal angolar extent in longitude and equal longitu- 
dinal separation from the end of the speed increase at tha stream 
f lont . 

Our estimates of the power spectra are obtained on the basis of 3h 

periods of 6s field averages through the usual technique of the cosine 

transform of the estimated correlation function (Blackman and Tukey, 

1958). In each 3h period we obtain 300 estimates of the power spectrum, 

for all field components and the field magnitude, in the overall fre** 

-4 -2 

quency range (2.8 • 10 —8.3 • 10 )Hx. This is therefore more 

extended in the high frequencies and less extended at low frequencies 

than Che range of the recent analysis of Denskat and Neubauer (1981) 

—2 

(from 2.4 • 10 .Hz to 1.3 • 10 Hz). 

Data gaps have beef led by linear interpolating the data imme~ 
d lately preceeding and following the gap. However the power spectrum 
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hat not boon ovaluatod whan Bltainf data ovtreoaa a givto traahold. 

tvaluatioB of noiaa toureaa (tpsantiBatioo and iattruHMiC noiaa) 
•h'jva that in tha tiaa intarvala of intaratt tha afactral danaitiaa of 
tha magnatlc fiald coaponanta axcaad tha aatlaatod noiaa laval in all 
tha analyxad fraquancy range. 

Va hava not attanptad to aaparata tha affaet of atatie atructuraa 

in the parioda analyaad. Tt aaiat hovavar ba ranarkad that tha analyaia 

of Bnvaasano at al. ( 1981b) » refarring to tha §tm parioda uaad in thia 

study, has shown that the fluctuations variCy quits Strictly tha condi** 

7 

tion 2 ■ const (B being the total atagnatie fiald) and can ba eonsidared 
as a mixture of purely perpendicular Alfvinic nodes (rotational dis- 
continuities would of course fit into this class) and nodas which also 
contain a fluctuating component parallel to tha avaraga fiald. As foi 
tangential discontinuities, of which sons are certainly present in our 
data sample, we will discuss later their influence, if any, on our re- 
sults. 


3. Observational Results 


In Fig. 1 we show average power spectra for magnetic fluctuations 
at the four different distances from the Sun quoted previously. Fig. la 
gives the total spectral density in components P_(f) (trace of the power 
spectral matrix), whereas Fig. lb refers to the spectra P„(f) of fluct- 

O 

uations in field magnitude. The spectra which are plotted (one for each 
distance) are obtained by averaging, for each frequency, the values (at 
that frequency) obtained in all the calculated spectra at that distance. 
Individual spectra would show a similar behaviour with respect to the 


5 


curves rtproducvd in Fig* U and lb with hovtvar aora randoai fluetua- 
tiona auparii^aad. *ffa would nota cliat our valuas for apactral danaitiaa 
tatial actoraly fit with thoaa by pravioua invaatiga tiona at aiailar fra- 
quancy and halioeantric diatanca rangaa (aaa raviaw by Bahannon, 197B). 
Tha •■oothing out oparatad by tha avaraging procadura aakaa nora avidant 
•one ganaral faaturat. Tha noat noticaabla of thaaa, looking at tha 
•pactra of total powar of Fig. la, is the fact that, at waall dittancae 
from the Sun, there it a clear flattening of the spectra in tha low fra-* 
quency region. This flattening decreases and then disappears for in- 
creasing distance fron Che Sun, the curves referring to distances of 
0.65 and 0.87 AU being to a good approximation represented by straight 
lines (in the log-log scale) in all the frequency range considered. 

Variations of the power spectra slopes with frequency are also 
recognizable in Fig. lb referring to the compressible component of the 
fluctuations. As this component is very small (in comparison with total 
power), we limit ourselves here to the observation that the quite dif- 
ferent behaviour of the curb's for P with recpect to those of P„ is 

C B 

indicative of the different nature of the compressible turbulent com- 
ponent. In Che rest of the paper, although reporting some results also 
on fluctuations of field magnitude, we will concentrate especially on 
the spectra of total power, i.e. essentially the spectra of incompress- 
ible MHD fluctuations. 

As usual, the power spectra obtained from the data for the magnetic 

field components are fitted to a power law P^f thus leading to a 

determination of the spectral index a. Doing that (for any magnetic 

component) for ,ill our frequency range (2.8 • 10 Hz — 8.3 • 10 Hz) 

we found only a slow variation of a with heliocentric distance, its 

average value going from 'i' 1.65 at 0.87 AU to 'V 1.5 at 0.29 AU. This 

is in apparent contrast with the findings of Denskat and Neuhaunrt 1981) 

-5 -2 

who found in their frequency range (2.4*10 Hz -“1.3*10 Hz) a varia- 
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tion of a froa valuot *^1.6 1 AU to volttM 1 at 0.2f AO. 

Hovivor* «■ it it «lr««dy clotr froa tl» mumimtiva of tiM eunrat io 
Fig. la, if at avaluata our apactral aapanaat AivUiog our fragaaoey 

rang# in two intarvalf, tha firat froa 2.1 * 10 ^ Ma (oar taaaat fra» 

**2 

quancy) to 1.3 * 10 Ha (tha hi^ fraquaney liait of tha eoapatation 

-2 -2 

by Danakac and Naubauar) and tha aacand froa 1.3 * 10 Ra to 1.3* lO Ha 
(our highaat fraquaney), wa obtain for tha low fraquaney band oaaantial* 
ly the aaaa reault of Dcnakat and Naubauar, wtiaraaa for tha high fra** 
quancy band wa hava a 1.7 quita indapandantly froa halioeantric 
distance. In otoer words, thera is a radial variation of tha apactral 
indax dapending from Che fraquaney ranga and it is worthad to pracisa 
tsore carefully this dependence from tha data. 

For this we divided our overall frequency ranga into tha intervals 
indicated in Che first column of Table 2. The choice of Chase waa 
made after several teats, with tha criteria of obcai«*ing both a 
sufficiently good resolution in frequency and a relatively saall un** 
certainty in Che determination of tha spectral exponent. As seen from 
Che Table, the frequency width of the intervals is different and in- 
creases in Che high frequency bandt, bacauaa at high frcquenciaa the 
spectral index does not vary much with frequency (and thus ws do not 
need a high resolution) while it does in tha low frequency ranga. 

For each of the computed power spectra the spectral indax U was 
determined separately for Che four frequency bands. Fig. 2 gives, at 
Che various distances from ths Sun, the distributions of the values 
of ot for Che z component of the fluctuations (in SE coordinates), 
the corresponding average values for each histograms being indicated 
by arrows. Following the histograms of a given column we obtain the 
variation of the spectral index distribution with distance for e given 
frequency band. It is then clearly seen Chat, for the lower frequency 
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interval!, in spit* of a partial overlapping of etie dlatribiitioaa, tlMre 
ia a real thift of the hietograM of o vith diicanee. Xn the firat 
band for exeaple^Cl.t • 10 ^ Hi* 2.S * 10 ^ Ri)tW« atart at ^.2f At) 
with a diatribution roughly centered around I (bottom of firat eoluan) 
and arrive near the Earth vith a diatribution ahifred around l.S (top), 
'/ig. 2 clearly ahowa alao that thia trend of variation diaappeara for 
the higher frequenc* banda. The aaiM type of reaulta, i.e. a definite 
radial gradient of the apectral index in the low frequency band and no 
variation for the higher frequenciea, ia alto obtaiiicd from the analyaia 
of the power apectra of the other componenta of the f luetuationa. The 
average valuea of a aa a function of frequency band and diatance 
from the Sun have been reported in Table 2 (which alao contalna the 
spectral index values forp^(f)). 

Looking at the Table numbers ve see that the deviations of a from 
Che average values are of the same order of the variations of the ave~ 
rages with diatance in the loweat frequency bands. However, as 
seen from the histograms of Fig. 2, the variations of the average a 
values that we are talking about are very coherent and all in the same 
direction (see also the following Fig, 3) so tnat we are led to believe 
chat Che variacion with frequency of Che radial gradients of Che 
spectral index a is significant. 

A comprehensive view of the variation of the spectral index with 
frequency and heliocentric distance is shown in the drawing of Fig. 3, 
where we give a schematic representation of the average decrease with 
frequency of the spectral density for each of the four ensembles of 
power spectra obtained at the four heliocentric distances considered. 
Using for the spectral exponent Che average values of Table 2, we have 
drawn, for the y component, an average spectrum by arbitrarly taking 
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•qual to 10 th« tpoetral 4oaait]r at ttia law ffafwawey Halt of awt 

raaga and acaling with tha fraqwaaey iw tha diffatawt hwwia aa tlM haaia 

of tha corraapondinf apaetral aa paa a o ta. With thaaa ewrawa wa hava only 

tha aiai to givo aiwpla ^ravinga ahowlnt tha apaetral iadaa and ita 

variation with fraquanc/ and diotaoea» tha waluaa of the pawar daaaity 

baing coapUtaly arbitrary. It can ba aa«i that tha raawlting apaetra 

diaplay a coharant variation with fraquaney and balioeantrie diatanca. 

Naar tha Earth (lowar curva) tha ovarall apaetrwa ahowa an alwoet linaar 

dacraaaa with increaaing fraquaney (in a log*log aeala) with a apaetral 

indax cloaa to 1.6> 1.7, wharaaa approaching tha Sun (uppar eurvaa) tha 

nlopa is dacraasing for dacraaaing fraquaney. 

There is therefore an evolution of tha poirar apaetral indax from 

-2 

0.29 AU tc 0.87 AU for the low fraquancias (f^ 10 Ha) wharaas for 

-2 

higher frequencies (f ^ 10 Hs) thara saans to ba aasantiaily no 

variation. It should be noted tliat we found this type of variatirn also 

between the almost contemporary observations of Hallos 1 at 0.41 AU and 

Helios 2 at 0.65 AU at the same halirgraphic latitude. This allows to 

exclude the possibility that changes in the spectrum are due to a slow 

evolution of the turbulence or to a dependence from haliographic latitude. 

Finally we have evaluated, for each of the computed spectra, tha 

average power density in each of the four frequency bands and looked for 

their radial gradient. In Fig. A we have plotted the mean values, for 

each distance and frequency band, of S , average power density in the 

G 

magnetic 1 ield,.componcnts (Fig. Aa)^and of S^, average power density in 

the field magnitude (Fig. 4b). Obviously the variation of the radial 

gradients of S vith frequency, seen in Fig. 4a, is related to the 

behaviour of the spectral index discussed before. In our lowest frequency 

-3 

band it is found that scales with diatance about as r . This 
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covrtipoiidt to hovint^l /<!> ■ «Mtt Cor ehoio fraquoiieioi which, 

in eht hollocootrie root* eoooUoro4, roi^roooiito §ad o4ditioool 

doMping of tho flucciioelonowith dittoaeo with rtspoet to tho voriotion 

2 *2 t 

corroipondlnt to gooaotrie optleo propogotioo ( 6B ■eoling os r 

(VilUntc, I960)). Notico that thlo tOM depoodoneo of 8_ ( 'v r would 

c 

be found oloo conoidoring tho ovorogo powor in all our froquancy 

range (on account of tha graatar waight of tho low fraquanciaa) in agrao 

mane with pravioui raaulta of Bohannon and Sari (1977) in tha ranga 

(0.5 * 1 ) AU with Mariner 10 data. On tha othar hand wa aaa from Fig. 

4a that tha radial variation of 8 rafarrad to tho highar froquancy 

** -2 

band! ahowa sto par gradianta. For fraquanciaa f ||5 10 Hz thaaa radial 
gradients ramain the same and corraapond to a fall off of % with 
radius. 

For the conpraasibla part of the fluctuations (Fig. 4b) the 

variation with frequency and radius ia quite different than (or S , 

C 

indicating, as already seen from tha power spectra^ the quite different 
nature of this turbulent component with respect to the dominant in' 
compressible part. 

Finally the results of Fig. 4 agree with the ones obtained in a 
recent different type of work (Bavassano et al., 1981a) , where a 
minimum variance analysis was done on the same set of data using dif**. 
Cerent time basis for the statistics and, hence, for increasing time 
basis, including lower and lower frequencies in the samples. There a 
similar variation of radial gradients with frequency was found also 
for other parameters characterizing the fluctuations and, in particular, 
for their anisotropy in the plane perpendicular to the minimum variance 
direction. Our findings agree also with those of a recent work of 
Villante and Vellante (1981), which investigated, in various frequency 
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rang«e,if tht obtcK «4 graiiciitt in mv# aaplitutfM ver* cotttitewte wieli 
thoM txp«ec«d fr^ ra uadMptd ar frea a Mxuratai «tv« iwia 


4. Diicmii;n 


The esecntial feature of the above reaulta la that they ahov a 

radial evolution of the power epectrun between 0.29 and 0.87 All which 

preciac the findings of Denakat and Neubauer (1981) bj indleatint that 

such evolution occurs only for the low frequency part of the apactrua 
-2 

(f^ 10 Hz) and is absent for higher frequencies. Although our aaaple 

did possibly contain some tangential discontinuitiest we believe chat 

the derived features reflect properties of the Alfvfnic fluctuations. 

There are several arguraents Co support this view. The first is that one 

of the conclusions of earlier work on oagnetic power spectra (Siscoc et 

al., 1968; Fisk and Sari, 1973), attempting to separate the contribution 

of directional discontinuities from that of MHD fluctuationi «s that 

the spectrum is dominated by such discontinuities only in Che very low 

-5 -4 

frequency region (3 ’ 10 — 3 * 10 Hz), which is below our low fre- 

quency limit. Besides, from a simple model of directional discontinuities 

-2 

(Siscoe et aU, 1968), one expects in our frequency range an f behaviour 
of the spectral power due to discontinuities for observed values of their 
occurrence rate. The valttCsof a that we found (a ^ 1.7) throughout 
our frequency range are instead typical of an MHD spectrum. It seems 
therefore chat the two main features of our results, i.e. radial 
variations of both average power density and spectral index which are 
frequency dependent, should be discussed in terms of properties of MHD 
turbulence in the solar wind, 
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L«t ui siitetral inim ¥«rl«tioM. H»tt of eho voImm of 6 

which wo find in all our froiiuoncy rantt naar tha lareh'a orhit and for 

-2 

froquoiicioo f 10 Ha alao at tha othar diotancaa ara in tha iatarval 
1.65 ♦ 0.15* cloaa to tha thaoratical valua a ■ l.S pradietad hj 
Kraichnan (1965) for tha inartial ranga of incoopraaaibla MMD turhulance 
iu tha atat ionary atata (but alao eonoiatant with the Kolnogoroff 5/3 
value for hydrodynaaic turbulance). 

On tha other hand, in tha low frequency part df our range (2.8 * 10 

-3 

•^2.5 * 10 Ht) wa find valuaa of a around 1 (a 0.9 ^ 0.2) at 
0.29 AU and evolving toward the valua 1.6 only upon approaching the 
Earth* a orbit. A natural poaaibility to diaeuas ia that tha evolution 
ia cauaed by non linear interactiona atill occurring in thia low fre- 
quency part of the apectrum. Non linear interactiona in Alfvfnic turb- 
ulence, aa ahown in Dobrowolny at al. (1980a), occur br' .cn nodaa pro- 
p.iguting in oppoaite direct iona with '‘aapect to tha background auignetic 
field. Obaervationa at 1 AU have repeatedly ahown however (Belcher and 
Davis, 1971; Barnea, 1979) chat moat of the power ia in wavea of only 
one type. The same aeeraa to be true also for the Helioa data at the 
di. stances of cloaeat approach to the Sun as it appears from the analysis 
of Denskat and Neubauer (1981) who selected data on the basis of definite 
and high correlation between velocity and magnetic field fluctuations 
limplying the dominance of only one type of waves). This ia also actually 
confirmed by the fact that, as found here, f luctuation.s in field 
magnitude are very small and these fluctuations (Dobrowolny et al.^ 

1980.0 also depend from a non linear interaction between Alfv6nlc modes 
of opposite type. 

Although from these arguments we must conclude that non linear 
interactions are quite weak, a future task of investigation should be 
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that of having a guaneitaglva avaltigtian mt awh ineoraetioo ani alto 

that of invvatitatiiit eH* aKaet af tka MmII eoagtaaaikla part of tha 

fluctuaticna on tha doainant Alfvinia part* 

Lot ut now conaidar tha avolutien of powar in Alfvdnic fluctuationt 

with diatanca (aaa Fig* 4a). Our findinga hara (which ara ralatad to tha 

evolution of tha apactral indaa) ara that tha radial gradiant of aueh 

power dapanda t'ron fraquancy and it incraaaaa upon incraaaing fraqoancy. 

-2 

For fraquancica f 10 Ha* howavar, tha radial gradianta aaaa to 

remain the aamr. Thia ia in contraat with praaant idaaa (aaa Hollwag|197S 

and Barnea, 1979^ for raviawa) on propagation of Alfvinic turbulanca 

in the solar wind. Such propagation ia uaually daacrihad in tha framework 

of geometric optics in which caac« hoxravar* the radial gradianta would 

not depend fr*'m frequency. Indeed, if we compare with the geometric 

_2 ,g 

optics approximation, which gives roughly a dependence 'V r * for 

2 

6 R in the range of distancea considarad (Villante, 1980), we find 

disagreement in all frequency bands considered and the disagreement in- 

-4 

creases with increasing frequency (see the % r dependence for 
f ^ lo’^ Ha) . 

It is very instructive to use our apactral analysis to obtain 

essentially the scale of the radial gradients as a function of frequency. 

This is done in Fig. 5 where we have reported, as function of frequency, 

2 

the length X corresponding to a damping in power levels of a factor e . 

The points in the figure are smoothed averages of the damping length 
values as ootained by evaluating, for every frequency, from the power 
densities of the average apectra of Fig. la, the additional reduction 
of the fluctuations with respect to the variation expected for 
geometric optics propagation (Hollweg, 1978). The solid line is only 
drawn to better visualixe the variation of the damping length X with 
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frvfiMiicy. Th« vftlua of X roMiiat ^roecloally iw nl i nt i *c frofoooeiot 

f Ji lo’^ Ml. Uneortaintiot in X aro of Urn orior of tSI. 

r<tiK chowi (tvon ooro cloorly ction cho ovolntion of in Fig* 4o) 

that in ordar to intarprot thaaa raaolta oa aaan to oaad a naetMoiin 

of danping incraaaing with Craquancy hut flattaniog for fraqnaneiaa 
.9 

f ^ 10 He. At tha praaant undaratanding of Alfvin wavaa (Rallvag 
1975 » Barnaa 1979) ia ona whara nagligibla daaqiing noehaniaaa (both 
coUisional and colliaionlaaa) ara praaant, it aaana that avao .on thia 
point our obaervationa open a not obvious thaoratical problan. 

Thaoratical work ia praaantly undar prograaa to axplain tha ob*’ 
aarvational faaturaaof power apaetra wa hava pointad out hara. 
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( 1 ) 
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(4) 





R(AU)^\,^ 

-4 -3 

2.8*10 —2.5*10 

-3 -J 

2.5*10 —10 

10“^-3*10~^ 

3*10”^— 8.3*10”^ 


0.87 

1.60 f 0.26 

1.66 * 0.24 

1.71 ± 0.36 

1.67 1 0.21 

K 

0.65 

1.32 t 0.22 

1.62 f 0.19 

1.55 t 0.27 

1.81 * 0.20 

^xsn 







0.41 

1.22 ♦ 0.25 

1.45 i 0.24 

1.63 ± 0.25 

1.69 ± 0.18 


0.29 

c 

« 

00 

o 

1.25 i 0.29 

1.61 t 0.22 

1.72 1 0.20 


0.87 

1.59 i 0.30 

1.63 ♦ 0.19 

1.82 ± 0.20 

1.78 t 0.24 

U 

0.65 

1.32 ♦ 0.35 

1.68 1 0.23 

1.72 1 0.26 

1.74 ♦ 0.19 

YSE 







0.41 

1.13 t 0.34 

1.41 t 0.16 

1.62 t 0.24 

1.78 i 0.11 


0.29 

0.89 t 0.23 

1.24 t 0.27 

1.73 i 0.22 

1.77 ± 0.19 


0.87 

1.52 i 0.19 

1.66 i 0.21 

1.64 t 0.29 

1.70 + 0.25 

K 

0.65 

1 . 16 > 0.21 

1.65 i 0.31 

1.53 ± 0.15 

1 .82 ± 0.17 

“ZSE 







0.41 

1.19 ♦ 0.16 

1.45 ♦ 0.20 

1.56 ± 0.18 

1.78 i 0.12 


0.29 

0.95 ^ 0.23 

1.32 t 0.26 

1.69 t 0.22 

1.77 ± 0.20 


0.87 

1.81 t 0.22 

1.33 i 0.40 

1.25 t 0.26 

0.73 t 0.38 

B 

0.65 

1.79 t /.22 

1.35 t 0.31 

0.78 ± 0.37 

0.56 t 0.23 


0.41 

1.57 i 0.31 

1.17 1 0.39 

0.75 ± 0.39 

0.50 0.28 


0.29 

1.51 ♦ 0.37 

0.96 ♦ 0.34 

0.59 ± 0.22 

0.28 t 0.19 


Table 2 - Mean values and deviations, as function of distance and frequency 

band, of the spectral index ® for the magnetic field ST components 
and magnitude. 
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ncwtt CAPTioiis 


Figure 1 - Average epectral deneitiee. at the halioeantrie diatancaa 

given by R. of: (a) total power in coaponanta F (f) (trace of 

c 

power epectral natrix)* (b) power in field aagnitude P^(f) . 

Hi and 112 are for Helioa 1 and Halloa 2 reapectlvely. 

Figure 2 - Histograne of the values of the apectral index a in differ* 
enc frequency bands (as given at the bottoai) for the B 

«8B 

component. Arrows indicate the corresponding average values. 
HI and H2 are for Helios 1 and Helios 2 respectively, R is 
tho heliocentric distance, N the percentage of cases. 

Figure 3 ~ Average falloff with frequency of the power density in the 

different frequency bands for the B component. Power 

YSE 

densities are in arbitrary units. Each curve refers to a 
different heliocentric distance R. HI and H2 are for Helios 
I and Helios 2 respectively 

Figure U ** Variation with the heliocentric distance R, in different 
frequency bands, of: (a) average power density in the 
magnetic field components S , (b) average power density in 
field magnitude S^. Numbers (1) to (4) indicate the frequency 
bands as labelled in Table ? from low to high frequencies. 

For each curve we also give the slope of the corresponding 
best fit straight line. 

Figure 5 - Damping length \ vs. frequency f. The smoothed curve is 
drawn only to better visualize the variation of X. 
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